organocopper compounds.2 We now report that multiple methylene insertions can also be performed in a very selective manner (Scheme I). The treatment of an alkynylcopper l(l.0 equiv.) with an excess of iodomethylzinc iodide (5 equiv.) affords a dienylcopper derivative of type 2 which, after allylation with ten-butyl a-(bromomethyl)acrylate3 (0.6 equiv.), furnishes the acrylic esters 3 in 50-74% isolated yields based on the allylating reagent.4 In this reaction sequence, the alkynylcopper 1 is fist homo-logated to the propargylic copper compound 4, which is in equilibrium with the allenylcopper 5. This copper derivative is reactive enough to insert another methylene unit giving the allylcopper 6, which is in equilibrium with the dienylcopper 7. A further reaction with iodomethylzinc iodide5 converts 7 to a new allylic copper compound of type 8 which inserts a fourth methylene group affording the copper organometallic 2. The reagent 2 does not undergo further insertions under our reaction conditions, and is trapped by an allylic bromide.4
'Ibis proposed reaction pathway of the quadruple methylene insertion has been confirmed by the following experiments. A propargyl copper intermediate6 4a (R = Hex), prepared from 1-bromo-2-nonyne7 ((i) Zn (1.5 equiv.), THF, 0 ' C, 1 h, > 85% yield; (ii) CuCN*2 LiClg (1 equiv.) -60 'C to 0 'C, 1 h), gives after methylene homologation (ICHZZnI (3.5 equiv.)), and allylation with tert-butyl a-(bromomethyl)acrylate, the ester 3a in 70% yield. To demonstrate that allylic organometallics such as 6 or 8 can insert a methylene unit, we treated 2-butyl-2-pmpenylzinc bromide7h with ICHzZnI (cu.
4 equiv.; 0 'C to 25 "C, 1 h). After the addition of CuCN*2 LiCl (1 equiv.) and tert-butyl a-(bromomethylacrylate (0.6 equiv.) the ester 9 is obtained in 78% yield Also, depending on the structure of the starting alkynylcopper, a selective THPO cu 12 riple methylene insertion can be. achieved. Thus, the addition of iodomethylzinc iodide (3.5 equiv.; -60 'C! to 0 "C, 30 min.
at 0 "C) to a mixture of tetrahydropyranyl (THP) protected alkynylcopper compounds of type Id-e and a ketone such as cyclopentanone or a sterically hindered aldehyde* affords triple methylene insertion products of type 10 in 58-70% yields In summary, the nature of the alkynylcopper substituent (R) and the choice of the electrophile (aldehyde or ketone) provides either mono or triple methylene insertion products, whereas in the absence of an electrophile a clean quadruple methylene insertion is observed. The study of the scope of these unique multiple methylene homologation reactions is currently underway in our laboratories.
